It is generally accepted that differences in the mean haemoglobin level in the two sexes become apparent after puberty, and this is thought to be due mainly to a gradual rise in the mean level in boys, which continues until about the age of 16 or 17 years (Sunderman, MacFate, MacFayden, Stevenson, and Copeland, 1953) . However, in addition to age and (after puberty) to sex, many other factors are likely to be associated with haemoglobin level. These probably include family size, though this may be merely a reflection of differences in diet. It also seems likely that body mass may be a further associated factor and, if this is true, some, if not all, of the difference in mean haemoglobin between the two sexes may simply reflect differences in body mass. This possibility does not appear to have been examined.
The report which follows presents the results of a survey of haemoglobin levels in school children aged 14 years in eleven Cardiff schools, undertaken to determine the distribution of haemoglobin levels and to examine the associations between those levels and sex, family size, height and weight, and (in girls) menstruation.
METHOD
An attempt was made to see all children, born in 1949, in eleven Cardiff schools. The schools were chosen to give as representative a sample of school children as possible. Permission to make a haemoglobin estimation at a routine school medical examination was sought from the parents of each child. A single observer estimated the haemoglobin levels in capillary blood obtained from a finger stab by the alkaline haemalin method, using an EEL photo-electric calorimeter. The levels were estimated as g. haemoglobin per 100 ml. blood and are given here as g.Hb. Height and weight were recorded at the time of examination and each child was asked his or her family size (used here to include only the children at present alive in that child's family), and whether or not menstruation had begun. Different observers (school nurses) measured the heights and weights; these were recorded with the children dressed but without shoes, and are stated in inches and pounds.
In order to examine the association between haemoglobin level and the various factors considered, the children were divided into three main groups: boys; girls who had begun to menstruate; and girls who had not. Each of these groups was further divided by family size into six subgroups. Within each subgroup, the association between haemoglobin level, height, and weight was examined by regression analysis, and differences between subgroups and between main groups were examined by comparisons of the subgroup regressions. 125 RESULTS Table I shows the numbers of children involved in the study. Some children were not examined because the parents refused permission, but there was nothing to suggest that refusals were in any way likely to have introduced a bias. Table II shows the distributions of heights, weights, and haemoglobin levels in the three main groups (boys, menstruating girls, and non-menstruating girls). There is evidence of some skewness in the distributions of weight in each, and possibly in the distributions of height in boys and in menstruating girls, but there is no obvious skewness in the distribution of haemoglobin levels within any main group.
DISTRIBUTION OF SCHOOL CHILDREN
Table III (opposite) shows mean heights, weights, and haemoglobin levels with their standard errors in all the subgroups. There is evidence of a fall in each variate with increasing family size, though this trend is not fully consistent; furthermore, the mean haemoglobin level in the boys is significantly higher (at P<O O5, the criterion of significance used throughout this report) than that in the nonmenstruating girls, which in turn is significantly higher than that in the menstruating girls. In view of the possible association between the variates, differences between mean haemoglobin levels cannot be readily interpreted, for differences also occur between the main groups in the mean heights (though not all these are significant) and in the mean weights (all of which are significant).
Regression analysis showed that, in the boys, overall regression of haemoglobin level on height and weight is highly significant. There was evidence of differences, which were just significant, in the regressions in the six subgroups defined by family size, but inspection of these regressions showed no evidence of any consistent change in either the sign or the size of the coefficients with increasing family size. It was thought reasonable, therefore, to compare the mean haemoglobin in the six subgroups adjusted to a common height and weight, but this showed no evidence of significant differences. Analysis of the data for the non-menstruating girls showed that regression of haemoglobin level on height and weight is significant, and neither the regressions nor the adjusted mean haemoglobin levels in the six subgroups differ significantly. As a significant overall regression was not found in the menstruating girls, height and weight were ignored and the mean haemoglobin levels of the subgroups were compared by an analysis of variance. This showed that significant differences between mean haemoglobin levels did not occur. It therefore appears that, although there is evidence of some inconsistency in the boys, family size in relation to haemoglobin level can be ignored in these data, provided that, at least in boys and in non-menstruating girls, the effects of differences in mean height and weight are considered. Further examination of the data showed that the proportion of the total sum of squared deviations which can be "explained" by height alone, independently of the effect of weight, is not significant in any of the main groups. Therefore, in this context height can be ignored, and the haemoglobin level in the boys can best be described by the Elwood (1964) , the use of a single level of haemoglobin to discriminate "anaemic" from "non-anaemic" subjects, will only identify a group some of whose members will have a low haemoglobin level because of iron deficiency or other cause and others because they represent the lower tail of the distribution of haemoglobin levels in subjects who are "normal" and not iron deficient.
These latter are likely to predominate in any group of "anaemic" subjects, so defined, if, like the main groups in the present study, this is drawn from a population in which the distribution of haemoglobin levels is symmetrical. In fact, if normal curves are fitted to the present data, the numbers expected with haemoglobin levels below 12 g.Hb in boys and in menstruating girls are 3 * 96 and 17 * 19 respectively, which are very close to the observed numbers of 4 and 19 respectively.
The data suggest that there is a significant association between haemoglobin level and weight in boys and in non-menstruating girls, but there is no evidence of such an association in girls who have started to menstruate. The effect of weight is small, though there is some evidence that it is more marked in boys than in non-menstruating girls (this difference is not significant). Height, independent of weight, does not appear to be significantly associated with haemoglobin level.
The fact that the association is shown by nonmenstruating but not by menstruating girls is of interest. It is possible that some members of a group of female subjects, such as the one examined here, may show haemoglobin levels which, because of variation within the menstrual cycle, may differ from their "true" levels, and such variation, if uncontrolled, may be sufficient to obscure an association between haemoglobin level and another variate such as weight, particularly if the association is weak. No recent workers appear to have examined this source of variation in haemoglobin level, and although some early workers failed to find evidence of cyclical fluctuations, Duckles and Elvehjem (1937) and Leichsenring, Donleson, and Wall (1941) Leichsenring and others, 1941) . Such an effect may be relevant to the comparison made here between menstruating and non-menstruating girls. The difference between them in mean haemoglobin, when corrected for difference in mean weight, is about 0 33 g.Hb, but it may be that the true difference, independent of the effect of cyclical menstrual changes, is between 0*1 and 0 2 g.Hb. The difference may therefore be similar in size to that between the boys and the non-menstruating girls which, when corrected for a difference in mean weight, is about 0 13 g.Hb.
The differences in mean haemoglobin which remain after removal of the effect of weight and the possible effect of menstruation are of considerable interest. Leichsenring and others (1941) found a significant difference (P <0 01) in the mean haemoglobin level of thirteen high school girls who had not menstruated and 33 of the same age who had, and they also found that the mean haemoglobin level appeared to fall for 2 or 3 years after the onset of menstruation and then to rise again, though in these data they confused age with number of years since onset of menstruation. They suggested that these trends were more likely to be due to differing rates of growth than to quantitative differences in menstrual iron losses.
The present data appear to agree with these conclusions, for it seems unlikely that menstrual iron losses before the age of 14 years could have been sufficient to account for much, if any, of the differences between the groups of girls examined here. While differences in mean weight do not appear to account for the total differences in mean haemoglobin level between any of the three main groups examined, it may be that some other aspect of body mass (such as muscle mass) might have done so, either alone or together with some measure of the growth rate. SUMMARY 504 boys and 620 girls, all aged 14 years, were seen at the routine school medical examinations in eleven Cardiff schools. Height and weight were measured, family size and whether each girl had started to menstruate were recorded, and the haemoglobin level of each was estimated (as g.Hb) from finger-prick blood.
The distributions of haemoglobin level in the boys, and non-menstruating and menstruating girls were examined. These do not suggest that anaemia, as usually defined, is a serious problem in these children. A significant association between haemoglobin level and weight was found in the boys and in the non-menstruating girls, but not in the menstruating girls. Height showed no independent significant association with haemoglobin level, nor did family size, independent of the effect of weight. The difference in mean haemoglobin level, weight held constant, in boys and non-menstruating girls was about 0 13 g.Hb, and in non-menstruating girls and menstruating girls about 0-33 g.Hb. It is suggested that differences in the rate of growth or some such factor may account for much of these differences, though some of the difference between the two groups of girls may simply be due to cyclical fluctuations in haemoglobin level during the menstrual cycle.
